Background: Dapagliflozin, a sodium-glucose cotransporter-2 inhibitor, reduces hyperglycemia and body weight by inhibiting renal glucose reabsorption. However, only a few studies have demonstrated efficacy of dapagliflozin for type 2 diabetic patients in Korea. We evaluated the efficacy and safety of dapagliflozin for Korean type 2 diabetes patients. Methods: This is a retrospective study that included data from 61 patients who received 12 months of dapagliflozin therapy and who visited a single medical center between January 2015 and July 2016. Patients were separated into three groups: dual combination of dapagliflozin and metformin, triple combination of dapagliflozin and metformin with sulfonylurea, or dipeptidyl peptidase IV inhibitors, and quadriple combination of dapagliflozin, metformin, and sulfonylurea with dipeptidyl peptidase IV inhibitors. Patients who achieved ≥5% body weight reduction were classified as responders, and those who achieved <5% body weight reduction were classified as non-responders. Results: After 12 months, the mean change from baseline body weight was -3.4±2.6 kg (P<0.001) for all patients, -3.4±3.1 kg (P<0.001) for group 1, -2.7±2.0 kg (P=0.008) for group 2, and -4.0±2.3 kg (P<0.001) for group 3. Fasting C-peptide level was higher in the responder group than in the non-responder group (3.25± 1.07 ng/mL vs. 2.62±1.02 ng/mL, P=0.023). In total, reductions in HbA1c, PP2, and FPG levels were -0.61± 0.82% (P=0.000), -35.4±62 mg/dL (P=0.000), and -21.3±56.2 mg/dL (P=0.012), respectively. They had mild adverse events included orthostatic dizziness and urinary tract infection. Conclusion: SGLT2 inhibitor improved glycemic control and reduced body weight in a safe manner for patients with type 2 diabetes mellitus.
INTRODUCTION
Recent studies have shown that intensive glucose control reduced the incidence of diabetes-related complications.
1,2 However, tight glycemic control is also associated with hypoglycemic events and weight gain. Furthermore, obesity prevalence has increased rapidly due several factors, including genetic predisposition, environmental exposure, and aging processes. Also, obesity has been associated with diabetes incidence and diabetes complications.
Dapagliflozin, a highly selective sodium-glucose cotransporter-2 (SGLT-2) inhibitor, reduces hyperglycemia by inhibiting renal glucose reabsorption and increasing urinary glucose excretion. Dapagliflozin has also been associated with caloric consumption, leading to weight loss and reduced blood pressure. [3] [4] [5] [6] [7] [8] Several randomized-control clinical trials have demonstrated the efficacy of dapagliflozin compared to other oral antidiabetic agents, such as metformin, sulfonylurea, dipeptidyl peptidase IV (DPP-4)
inhibitors, and thiazolidinediones. [3] [4] [5] [6] [7] [8] However, only a few of these
METHODS
This was a retrospective, cross-sectional study analyzing data 
Statistical analysis
All statistical computations were performed using SPSS version Data with a P< 0.05 were considered significant. Study flow. We analyzed data from 61 patients who underwent a minimum of 12 months of dapagliflozin therapy (10 mg once-daily) and who visited Sejong General Hospital between January 2015 and July 2016. Patients were selected according to the following inclusion criteria: age between 18-75 years and type 2 DM. Patients were excluded if they took dapagliflozin for less than 12 months; their therapy was combined with an insulin or GLP-1 agonist; they had type 1 DM, GDM, or MODY; they were an active cancer patient; or were lost to follow-up. Patients were assigned to one of three ongoing dapagliflozin+ treatment regimens: group 1) metformin; group 2) metformin with sulfonylurea or dipeptidyl-peptidase IV (DPP-4) inhibitors; group 3) metformin and sulfonylurea with dipeptidyl peptidase IV (DPP-4) inhibitors (Group 3). GLP-1, glucagon like peptide-1; GDM, gestational diabetes mellitus; MODY, maturity onset diabetes of the young; MFM, metformin; SU, sulfonylureas; DPP-IV I, dipeptidyl peptidase IV inhibitors. 
RESULTS

Baseline characteristics of the subjects
We reviewed 729 diabetic subjects who visited the department of endocrinology and metabolism at Sejong General Hospital in Bucheon, Korea, between January 2015 and July 2016. Among 61 enrolled type 2 diabetic subjects, 32 (52.5%) were men and 29
(47.5%) were women. In this study, the treatment group, who received 10 mg of dapagliflozin once daily, experienced significant decreases in all glucose parameters for type 2 diabetes mellitus. Table 1 summarizes the baseline characteristics of the subjects. Mean age and DM duration were 58.5 ± 9.6 years and 11.4 ± 5.6 years, respectively, while mean body weight and baseline body mass index (BMI) were 72.6 ± 12.1 kg and 27.3 ± 3.6 kg/m 2 , respectively.
More than half of the patients in our study were obese (60%, n = 37). Mean HbA1c, 2-hour postprandial plasma glucose (PP2) level, and fasting plasma glucose (FPG) level were 7.6 ± 1.0%, 194.2 ± 69.8 mg/dL, and 163.8 ± 60.3 mg/dL, respectively. Mean creatinine and eGFR levels were 0.86± 0.22 mg/dL and 87.2 ± 18.6 ml/min, respectively. There were no detrimental effect on renal function over period of dapagliflozin add-ons.
Metabolic effects of dapagliflozin included glycemic and lipid control
All treatment groups experienced improvements in HbA1c, PP2, and FPG. For the total subject sample, reductions in HbA1c, PP2, and FPG levels were -0.61 ± 0.82% ( PP2, and FPG levels were -0.65 ± 0.71% (P = 0.002), -37.9 ± 61.4 mg/dL (P = 0.001), and -24.8 ± 42.4 (P = 0.039), respectively (Table 2). There was an incremental increase of 2.4 ± 7.7 mg/dL in high density lipoprotein-cholesterol (HDL-C) level for the total patient sample (P = 0.068); however, this increase was not statistically significant (Table 3) .
Effects of dapagliflozin on body weight and blood pressure Table 2 shows mean changes between baseline and 12 months after therapy initiation for body weight (BWT), systolic blood pressure (SBP), and diastolic blood pressure (DBP). After 12 months, the mean change in BWT was -3.4 ± 2.6 kg (P< 0.001) for the total sample, -3.4 ± 3.1 kg (P< 0.001) for group 1, -2.7 ± 2.0 kg (P = 0.008) for group 2, and -4.0 ± 2.3 kg (P < 0.001) for group 3.
The mean change in SBP was -6.0 ± 14 mmHg (P= 0.001) for the total sample, -6.0 ± 16 mmHg (P = 0.146) for group 1, -6.6 ± 17.9 mmHg (P = 0.165) for group 2, and -5.1 ± 10.0 mmHg (P= 0.013) for group 3. The mean change in DBP was -3.4 ± 7.7 mmHg (P = 0.002) for the total sample, -3.0 ± 8.4 mmHg (P = 0.109) for group 1, -5.8 ± 9.3 mmHg (P = 0.064) for group 2, and -2.7 ± 6.3 mmHg (P= 0.092) for group 3.
Predictive clinical parameters of body weight reduction in the dapagliflozin responder group
Patients who achieved a BWT reduction ≥ 5% were classified into the responder group, and those with < 5% body weight reduction were classified into the non-responder group. We analyzed for influencing factors in the responder group and found that baseline fasting C-peptide level was higher in the responder group than in the non-responder group (3.25 ± 1.07 ng/mL vs. 2.62 ± 1.02 ng/ mL, P= 0.023; Table 4 ). Baseline fasting C-peptide level was a significant clinical parameter in the dapagliflozin response group (Table 4). In the responder and non-responder groups, serum fasting Table 2 . Metabolic effects on body weight, blood pressure, and glycemic control after one year of dapagliflozin treatment insulin levels were 13.6 ± 5.9 µIU/mL and 11.4 ± 7.5 µIU/mL (P = 0.064), respectively. Homeostatic model assessment-insulin resistant (HOMA-IR) ([fasting insulin (µIU/mL) × fasting plasma glucose (mmol/L)]/22.5) levels were 5.4 ± 2.3 and 5.4 ± 5.8
(P = 0.074), respectively, but these were not statistically significant (Table 4) .
BWT reduction was evaluated according to initial BMI and HbA1c. After 12 months of treatment, the degree of body weight Responder is defined patients who achieved ≥ 5% body weight reduction. Non-responder is classified those who achieved < 5% body weight reduction. Values are presented as mean ± standard deviation. Δ, difference in values before and after one year of treatment; BWT, body weight; HbA1c, glycated hemoglobin. reduction was not related to initial BMI or HbA1c level (Fig. 2) . We also divided the participants based on mean changes from baseline HbA1c level into five categories: ΔHbA1c ≤ -1.5; -1.5 < ΔHbA1c ≤ -1.0; -1.0 < ΔHbA1c ≤ -0.5; -0.5 < ΔHbA1c ≤ 0; 0 < ΔHbA1c (Table 5 ). After 12 months of treatment, we found no significant difference in change from baseline body weight among these groups (P= 0.070).
Tolerability and safety summary
Frequent adverse events reported from dapagliflozin use included orthostatic dizziness (4.9%) and genitourinary track infection (3.3%). Only one patient had to discontinue dapagliflozin due to anxiety, tremors, and palpitations, which seemed to be associated with dehydration. Additional reported adverse events were abdominal pain (1.6%), diarrhea (1.6%), and headache (1.6%). There were no serious adverse events, such as hypoglycemia. There were no significant changes in renal function according to dapagliflozin add-ons (Table 6 ).
DISCUSSION
A limited amount of data is available on Asian T2DM patients treated with dapagliflozin, especially regarding clinical practice and efficacy. In this study, we analyzed data from 61 type 2 diabetes patients who were administered dapagliflozin, and we evaluated the influencing factors for their response to therapy. Recently, obesity prevalence has rapidly increased because of consumption of a highfat diet and low physical activity. Obesity has been associated with diabetes incidence and complications. 9 The mean BMI of Korean diabetic patients has gradually increased, up to 25.3 ± 3.0 kg/m 2 in males and 25.2 ± 3.4 kg/m 2 in females. 10 Recent studies found that half of diabetic patients were obese. 11, 12 Additionally, oral antidiabetic drugs used to treat T2DM, such as sulfonylureas, insulins, and thiazolidinediones, can cause weight gain. 13 Therefore, recent clinical efforts to develop treatment regimens that also focus on body weight reduction and glycemic control are valuable. Dapagliflozin causes a urinary loss of 60-80 g of glucose per day, which equates to a negative energy balance of 240-320 cal/day, or 0.9-1.3 kg/month, if this caloric deficit is not offset by an increase in caloric intake. Herein, we found that dapagliflozin had efficacy for body weight reduction in our diabetic subjects in each treatment group when the drug was administered in combination with other antidiabetic therapies. We found an average body weight reduction of -3.4 kg. Degree of reduction in body weight for the total group and according to a meta-analysis of dapagliflozin was -3.4 kg and -2.1 kg, respectively. 14 According to two meta-analyses, the efficacy of empagliflozin and another SGLT2 inhibitor on body weight reduction were -1.84 kg and -1.80 kg, respectively. 15, 16 Fasting C-peptide level was a significant predictor of body weight reduction in the dapagliflozin treatment groups (3.25 ± 1.07 ng/ mL in the responder group vs. 2.62 ± 1.02 ng/mL in the non-responder group, P= 0.023). Also, both groups had high HOMA-IR level (5.4 ± 2.3 among responders vs. 5.4 ± 5.8 among non-responders, P = 0.074). High fasting C-peptide level indicates not only preserved insulin secretion, but also good beta cell function. 10, 17 Previous dapagliflozin studies showed improvement of insulin resistance with greater reduction of visceral fat rather than subcutaneous fat. 13, 16 We still do not understand the relationship between high fasting C-peptide level and degree of body weight reduction in the dapagliflozin group. Therefore, we need to further evaluate mechanisms of good response factors among these patients, including glycemia and body weight reduction.
Although baseline HbA1c and PP2 levels were higher in the multiple drug combination groups (groups 2 and 3) than in the dual combination of metformin-dapagliflozin group (group 1), they were not inferior in any aspect of efficacy regarding HbA1c and PP2 reduction.
In summary, the initial combination of dapagliflozin with other ongoing therapy regimens might contribute synergistic effects on glycemic control for type 2 diabetes. Reduction rates in HbA1c level between the total subject sample in our study and according to a meta-analysis of dapagliflozin patients were -0.61% and -0.52%, respectively. 14 Additionally, two meta-analyses found that empagliflozin and another SGLT2 inhibitor decreased HbA1c level by -0.62% and -0.66%, respectively. 15, 16 Our study has several limitations due to its retrospective design, including a small sample size and lack of more informative metabolic parameters for obesity, insulin resistance, and β-cell function. Therefore, further studies are needed that include abdominal circumference, dual-energy X-ray absorptiometry, and body composition.
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